SUMMARY Three hundred and seventy-two rectal mucosal biopsies, taken from 150 children and young adults with chronic constipation, were subjected to histochemical and biochemical analysis of acetylcholinesterase to exclude Hirschsprung's disease. The relative merits of the procedures were compared. The histochemical method was considered to be the most practical for laboratories handling small numbers of biopsies but the biochemical estimation of acetylcholinesterase activity was found to be a useful complementary procedure and an accurate quantitative assessment of enzyme activity.
The introduction of acetylcholinesterase histochemistry' has resulted in a reliable means of excluding Hirschsprung's disease in rectal mucosal biopsies. 2 Previously, the diagnosis of Hirschsprung's disease depended on standard histological techniques,3-7 although some workers have used histochemical methods to confirm the diagnosis on resected specimens.8- '2 Acetylcholinesterase histochemistry is now used in preference to routine histological methods in many centres. Its diagnostic reliability in rectal mucosal biopsies has been emphasised by Meier-Ruge and his colleagues3 and confirmed by other workers14-'9 and ourselves. 20 The present paper is an account of our experience over a two-year period of the use of acetylcholinesterase histochemistry as a screening procedure to exclude Hirschsprung's disease in rectal mucosal biopsies and compares the histochemical findings with the biochemical activity of the enzyme. 2' Material and methods Over a two-year period, which ended in January 1979, 372 rectal mucosal biopsies were performed on 150 children and young adults aged between 6 days and 28 years (Table 1 ) and the specimens were processed for acetylcholinesterase histochemistry.
Received for publication 8 October 1979 (2) The biopsies were taken by means of laryngeal punch biopsy forceps at several levels from the anal margin (Table 2 ). The patients attended hospital as day cases on prearranged days of the week, and the procedure was carried out with sedation or under mild general anaesthesia. The biopsy specimens were transported to the laboratory on ice and orientated under a dissecting microscope; frozen sections were taken for histochemistry within an hour of removal. The assays were carried out without prior knowledge of the histochemical findings as single determinations as there was usually insufficient material to do otherwise. The biopsies were trimmed to give a final specimen weighing less than 10 mg. The tissue was hand-homogenised in 0-1 M-phosphate buffer at pH 8-0 in a glass Potter-Elvehjem type homogeniser using 15 strokes. The volume of buffer was sufficient to give a final concentration of 10 mg tissue per ml. The homogenate was centrifuged at 12 000 g for 4 minutes to remove cellular debris. Each stage of the procedure was carried out at approximately 5°C.
Two enzyme determinations were made on each sample, corresponding to (1) total acetylcholinesterase activity and (2) true acetylcholinesterase activity. The total (AChE + ChE) activity was determined at 25°C in microcuvettes by adding 80p, of tissue extract to 480,u1 0 1 M-phosphate buffer at pH 8-0 and 20 ,ul colour reagent (DTNB).
After allowing the solutions to stabilise for 5 minutes, 20 ,ul of substrate (AThCh) was added. The rate of change of absorbance per minute was measured at 412 nm with a recording spectrophotometer. Following determinations of total activity, specific acetylcholinesterase (AChE) activity was measured by the addition of 10 pl of the non-specific cholinesterase (ChE) inhibitor, Lysivane.
Results
The product of the histochemical reaction appears as a dark brown precipitate at the site of nerve fibres and ganglia.
In normal mucosal biopsies, a few clearly defined slender nerve fibres are present in the connective tissue of the lamina propria and between muscle bundles in the muscularis mucosae (Fig. 1) spicuous, and the reaction usually outlines smooth muscle elements. The biopsies in cases of Hirschsprung's disease show a marked increase in the number and size of positively staining nerve fibres in the muscularis mucosae and lamina propria (Figs 2 and 3) , an increase in the size of the nerves in the submucosa, and an absence of submucosal ganglia. The abnormal nerve plexuses in the muscularis mucosae and lamina propria are not readily seen in haematoxylin and eosin stained sections.
The biochemical activity of acetylcholinesterase was expressed according to Dale and his colleagues26 as units of specific (AChE) and non-specific (ChE) activity. The specific AChE activity was also expressed as a percentage of total (AChE + ChE) activity.
In 101 biopsies showing a normal histochemical reaction, AChE activity (Fig. 4) was in the range 0-3-7l9 units (mean 2-7, SD 1-4) and ChE activity (Fig. 5) in the range 0-3-5-8 units (mean 2-6, SD 1-0).
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The range of AChE and ChE activity in nine biopsies showing the histochemical features of Hirschsprung's disease was 5 3-30 2 units (mean 15-2, SD 9 0) and 2 1-7 9 units (mean 3-8, SD 2 0) respectively (Figs 4 and 5). In six biopsies which were histochemically equivocal, that is to say, biopsies showing some increase in the number of nerve fibres in the muscularis mucosae and, to a lesser extent, the lamina propria, AChE activity (Fig. 4) was within the normal range 1-7-5-7 units (mean 3 7, SD 1 7).
AChE activity expressed as a percentage of total activity in the 101 normal biopsies (Fig. 6) 29 The histochemical criteria for the diagnosis of Hirschsprung's disease as stated above are those generally accepted by other workers.13-17 19 The increase in the number and size of nerve fibres in the muscularis mucosae and lamina propria is a particularly striking feature, and a diagnosis can be made confidently without reference to the ganglia in the submucosa,13 19 a view that conflicts with that of at least two other groups who consider that the presence of submucosa is essential to accurate diagnosis.15 16 The absence of abnormal nerve fibres in the normal hypoganglionic zone immediately above the pectinate line described by Aldridge and Campbell31 would exclude the disease.
In the histochemical assessment of the sections, care must be taken to be certain that structures resembling ganglia in the submucosa do actually contain ganglion cells and are not just a cluster of supportive cells. As Naik 15 30 Established techniques were used in this study for both the histochemical and biochemical methods. The essential difference between the two methods was in the inhibitors of non-specific cholinesterase (ChE) activity. The inhibitors used (iso-OMPA and Lysivane, respectively) were not the same for each method, but both have been shown to be selective inhibitors of ChE activity'0 35 and therefore would not be expected in any way to complicate the results.
The results we obtained biochemically are in almost all instances directly comparable with the histochemical findings, and we agree with Dale and his colleagues21 that the biochemical estimation of AChE activity is a useful complementary procedure, particularly if the histochemical diagnosis is equivocal. Overall the levels of activity are lower in our series than in Dale's-something that may have been due to the fact that the tissue was stored before the analyses were carried out. The figures for AChE activity expressed as a percentage of total activity suggest that the increased activity in Hirschsprung's disease is a true increase in specific (AChE) activity.
Hirschsprung's disease was confirmed in 16 of our 17 cases (Table 1) by histological and histochemical examination of specimens obtained at myectomy or after resection. The remaining case was a microcephalic infant who died before definitive treatment could be undertaken. Of the 16 confirmed cases, six had long segment disease, eight had short segment , * X * * E s X 1 " " " _ 1 1 S _ _ 
